Abstract. The Travelling Salesman Problem (TSP) has received much attention because of its practical applications in several problems. One of the commonly used algorithms to solve TSP is Ant Colony Optimization (ACO). In this paper, a randomness ant colony algorithm is proposed to solve the defects of ACO by optimizing the path selection probability update rule and pheromone update rule. As the improved algorithm is applied to solve the classical TSP problem, the results show that it is more effective and converge faster.
Introduction
Traveling Salesman Problem (TSP) is one of the most typical problems in path optimization, which is a classical NP-hard problem. The description of the traveling salesman problem is that the traveling salesman traverses N cities and returns to the original city under the conditions of each city is visited only once, aimed to find the shortest path.
At present, the algorithms for traveling salesman problem are genetic algorithm (GAS), particle swarm optimization (PSO) and ant colony optimization (ACO) [1, 2] . Ant colony optimization is a kind of intelligent algorithm which model is the ant colony searching for food. Distributed feature of Ant colony algorithm makes the algorithm reliable and the global search ability relatively strong. Also it can be effectively combined with other algorithms. The shortcomings of Ant colony algorithm is that the search time is long and easy to fall into the local optimal solution at the early stage.
Related Work
For the hybrid ant colony system (ACS), many researchers made outstanding contribution. Ding [3] puts forward hybrid algorithm based on ant algorithm and genetic algorithm which combines the positive feedback of the ant colony algorithm with the global convergence of the genetic algorithm to obtain a better performance. The research by Katagiri [4] is an example for hybrid max-min ant system. Junqiang Wu [5] proposed a hybrid ACO with beam search for solving TSP. Mahi [6] proposed a new algorithm in which ACO was hybridized with PSO and 3-opt for solving small instances.
In the algorithm of path selection principle, Yuan [7] proposed a multi thread ant colony algorithm which is by virtue of the differences in individual organisms in nature. The algorithm is used to solve the TSP problem and the result shows that the algorithm has good global search ability. Wu [8] proposed an ant colony algorithm based on natural selection strategy which uses the randomness of competitive factors to enhance the probability of the local optimal solution.
In the setting of algorithm parameters, Zhou [9] researched the convergence of the basic ant colony algorithm in theory and proved that the different parameter settings of the ant colony algorithm will have different convergence time.
The above research is closely related to the improvement of ant colony algorithm and the solution of TSP problem. Considering the shortcomings of the basic ant colony algorithm that the random searching time is too long and the result is easy to fall into the local optimal solution. An improved algorithm is proposed to solve the problem which includes the path selection probability updating rule and the pheromone optimization updating rule.
Improved Algorithm
The improved algorithm proposed in this paper mainly includes the path selection probability updating rule and the pheromone optimization updating rule.
Path Selection Probability Update Rule
Ant colony algorithm has the characteristics of falling into the local optimal solution. When the numbers of city is small, the situation of ant colony algorithm being prone to defects of hysteresis in the local optimal solution is not obvious. But when the city number increases gradually, the ant colony algorithm out of local optimal solution of the opportunity is lower which is easier to fall into local optimal solution.
Aiming at the above condition, competitive factor and competitive factor rating threshold are put forward. The competitive factor is a parameter to characterize the probability that ants select the next path node while the competitive factor rating threshold is the threshold value of the probability of selecting the next node. Firstly, each ant chooses the probability of the next hop node according to the predetermined rule, and then chooses the probability of each ant. Each ant will be assigned a competitive factor when the competition factor is greater than the competition factor rated threshold which indicated that the probability of ants select the next hop node needs to be corrected. The equation of the next hop is
Where ij τ denotes the amount of pheromone on between city i and city j ; ij η indicates the inverse distance city i and city j ; α and β represent the pheromone concentration and the weight of self-inspired variable; allow k ed is a set of cities which ant k has not visited. rand is a random parameter which has been distributed evenly in [ ] which determines the probability. By the parameters of k RF and RFR , the degree of information that ants rely on the feedback of other ants to choose the next city is reduced, which effectively avoids the interference of the local optimal solution. The algorithm's lack of low convergence rate is made up by the more randomness choose.
Pheromone Update Rule
The improvement of pheromone update rule is that not all ants update the pheromone at the end of each search, but only update the pheromone of the ant which searches to the shortest path.
The improved pheromone update rule is as follows: 
L is the distance of the best route; pheromone coefficient ρ reflects the retention of pheromone on the path.
In the basic ant colony algorithm, the pheromone coefficient ρ is a constant coefficient, but this will lead to the problem that the optimization ability of the algorithm is insufficient in the initial stage, and the optimization result is obtained. At the same time, the local optimization leads to the stagnation of the algorithm, so the pheromone coefficient is associated with the search number in the improved ant colony algorithm, and the pheromone volatilization coefficient also changes with the increase of the search times. As equation (5) shown, with the change of the pheromone volatile coefficient is helpful to strengthen the search ability of the algorithm in the early stage, which can also avoid the algorithm stagnate in the middle and late period.
Equation (2) makes the pheromone, which is retained after the last search, is related to the pheromone evaporation coefficient. This greatly enhanced the search ability of the algorithm, avoiding the algorithm due to local optimal solution and lead to stagnation.
Equation (4) is mainly to prevent the performance of the pheromone on a path is too large or too small. By this method, it can effectively control the pheromone and avoid the pheromone to exceed the threshold value, so as to improve the effectiveness of the algorithm.
Experimental Results and Discussion
In order to verify the effectiveness and convergence of randomness ant colony algorithm (RACA), the proposed algorithm is applied to solve the TSP problem in comparison with the ant colony optimization (ACO) and the hybrid algorithm based on genetic algorithm and ant algorithm (HAGA). The test environment is personal computers: Core i5-4210M 2.60GHz, 4GB RAM, Win7, Matlab.R2010b. Each algorithm runs ten times in Oliver30 and eil51. The parameters of the algorithm simulation are as follows: 
Effectiveness of Algorithm
It is not obvious that the ACO is easy to lag in the local optimal solution when the number of cities is small. But with number of cities is increasing, the chance of ACO to jump out of the local optimal solution is lower, and it is easier to fall into the local optimal solution. HAGA introduced genetic factors to reduce the dependence of ant colony algorithm on path pheromone in iterative process. That is to say, the ants are more likely to determine the next-hop city from their own experience and search range. However, the crossover factor in HAGA will intersect some poor solutions in the iterative process of ant colony algorithm, which means the longest two sub-paths in the current optimal solution path are crossed to optimize the optimal solution. This may cause HAGA to miss the global optimal solution.
It can be seen from Table 3 and Table 4 that RACA is better than ACO and HAGA in all kinds of city scale. In the calculation of probability path of cities, the changes of randomness and probability of the selection operation can not only improve the randomness of the algorithm, but also avoid the blind search algorithm into a state of disorder, which makes the probability of obtaining the optimal solution increase. 
Convergence of Algorithm
The comparison of the convergence times of the algorithms in Table 5 and Table 6 shows that the convergence time of RACA is lower than ACO and HAGA. The ACO path search is a long time. That is to say, in the early iterations in pheromone induced ant colony search, ant mainly rely on the random detection path distance to determine the next path node, which causes the algorithm to find the optimal solution of the time bound than the other two algorithms. In the crossover operation of HAGA, to a certain extent, improved the ACO algorithm at the cost of the algorithm's execution time increasing. With the city scale greater, the time consumption of the cross operation will be more and more.
At the initial stage of RACA in accordance with the path length of the spread of pheromone, to help the ant colony to reduce the random search time. In the iteration, the pheromone concentration on the optimal path is further strengthened, which reduces the convergence time of the algorithm. 
Conclusion and Future Work
In this paper, a randomness ant colony algorithm is proposed, which improves the self -searching ability of the algorithm by optimizing the path selection probability update rule and pheromone update rule. The simulation results show that the improved algorithm can improve the accuracy of the search results, and at the same time, it can improve the convergence speed to a certain extent. Intelligent tourism route planning is one of the typical applications of TSP and we propose an intelligent tourism route planning method based on the improved algorithm.
